Space Shuttle Orbiter trimmed center-of-gravity extension study.  Volume 7:  Effects of configuration modifications on the subsonic aerodynamic characteristics of the 1140 A/B orbbiter at high Reynolds numbers by Phillips, W. P.
NASA Technical Memorandum 72661 Vol. V I  I 
SPACE SHUTTLE OR BITER TRIMMED CENTER-OF- 
GRAVITY EXTENSION STUDY: VOLUME VI1  - 
EFFECTS OF CONF I GU RAT I ON MOD I F I CAT I ON S ON 
THE SUBSON I C  AERODYNAMIC CHARACTER I STICS 
OF THE 140 A/ B ORBITER AT H IGH REYNOLDS 
N UMBER S 
W. PeIham Phill ips 
M a r c h  1981 
National Aeronautics and 
Space Administration 
Langley Research Center 
Hampton, Virginia 23665 
https://ntrs.nasa.gov/search.jsp?R=19810013541 2020-03-21T14:09:31+00:00Z
SPACE SHUTTLE ORBITER TRIMMED CENTER-OF -GRAVITY EXTENSION STUDY : 
VOLUME V I 1  - EFFECTS OF CONFIGURATION MODIFICATIONS ON THE SUBSONIC 
AERODYNAMIC CHARACTERISTICS OF THE 140 A/B ORBITER AT HIGH REYNOLDS NUMBERS 
W. Pelham P h i l l i p s  
Langley Research C e n t e r  
SUMMARY 
A s u b s o n i c  aerodynamic i n v e s t i g a t i o n  was conducted i n  t h e  Langley Low 
Turbulence  P r e s s u r e  Tunnel t o  determine t h e  effects of u s i n g  planform f i l l e t  and 
c a n a r d  mod i f i ca t ions  on t h e  l o n g i t u d i n a l  and l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s  
of a 140 A/B Space S h u t t l e  O r b i t e r  c o n f i g u r a t i o n .  
The s i g n i f i c a n t  effect of t he  m o d i f i c a t i o n s  was t o  d e s t a b i l i z e  p i t c h i n g  
moments, t h e r e b y  a l l o w i n g  increased  trimmed lift c o e f f i c i e n t s  a t  l a n d i n g  a t t i  - 
t u d e s .  The planform f i l l e t  modi f ica t ion  a l s o  provided  s l i g h t  improvements i n  
l a t e r a l - d i r e c t i o n a l  s t a b i l i t y .  
Each m o d i f i c a t i o n  r e s u l t e d  i n  t h e  p o s s i b i l i t y  of moving t h e  payload c e n t e r -  
o f - g r a v i t y  forward r e l a t i v e  t o  t h e  b a s e l i n e  c o n f i g u r a t i o n  and/or  l a n d i n g  h e a v i e r  
pay loads  as a r e s u l t  of t h e  higher  t r imned l i f t  c a p a b i l i t y .  
INTRODUCTION 
The l o n g i t u d i n a l  cen te r -o f  - g r a v i t y  range  of t h e  Space S h u t t l e  Orbiter for 
trimmed f l i g h t  d u r i n g  e n t r y ,  approach, and l a n d i n g  is q u i t e  l i m i t e d .  T h i s  p u t s  
a c o n s i d e r a b l e  c o n s t r a i n t  on t h e  a l l o w a b l e  mass d i s t r i b u t i o n  of S h u t t l e  r e t u r n  
payloads .  
s t u d y  was under taken  a t  t h e  Langley Research Cen te r  t o  de te rmine  t h e  f e a s i b i l i t y  
of deve lop ing  s imple ,  "bolt-on" modi f ica t ions .  M o d i f i c a t i o n s  which were s t u d i e d  
i n c l u d e d  changes i n  f u s e l a g e  nose s h a p e  and wing f i l l e t  p lanform and t h e  a d d i -  
t i o n  of f i x e d  canard  s u r f a c e s .  Systems d e s i g n  a n a l y s e s  were under taken  t o  
de te rmine  t h e  weight  p e n a l t i e s  ( r e f .  l ) ,  and aerodynamic h e a t i n g  tests and 
I n  an effor t  t o  extend t h e  o r b i t e r  c e n t e r - o f - g r a v i t y  envelope,  a 
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analyses provided in format ion on the  impact o f  the modif icat ions on thermal pro- 
t e c t i o n  system requirements (ref.  2). Wind-tunnel fo rce  and moment t e s t s  were 
conducted across the speed range t o  assess the  ef fect iveness o f  the modif ica- 
t i o n s  i n  extending the center-of-gravi ty envelope and the in f luence o f  the modi- 
f i c a t i o n s  on f l i g h t  charac ter is t i cs .  Hypersonic aerodynamic cha rac te r i s t i cs  o f  
the  modi f icat ions are presented i n  references 3 and 4, the t ransonic character-  
i s t i c s  i n  reference 5, and the  supersonic aerodynamics i n  reference 6 .  
The purpose of t h i s  paper i s  t o  present the  e f f e c t s  o f  planform f i l l e t  and 
canard modi f icat ions on the  subsonic aerodynamic cha rac te r i s t i cs  o f  the 140 A/B 
o r b i t e r  con f igura t ion  for  a range o f  Reynolds numbers. The inves t i ga t i on  ,was 
conducted i n  the  Langley Low Turbulence Pressure Tunnel a t  Reynolds numbers from 
about 4.2 X I O 6  t o  14.3 X I O 6 ,  based on the fuselage reference length, and a t  
Mach numbers o f  0.22, 0.225, and 0.25. Ihe angie-of.-attack range extended from 
- 
approximately -4" t o  26" a t  s i d e s l i p  angles o f  0" and 5O. 
SYMBOLS 
The long i tud ina l  aerodynamic data are presented about the  s t a b i l i t y  system 
o f  axes, and the  l a t e r a l - d i r e c t i o n a l  data are presented about the body axes. 
A l l  the aerodynamic data contained herein were nondimensionalized using t h e  
basel ine model values f o r  wing reference area, span, and mean aerodynamic 
chord. 
reference length [i.e., 21.38 cm (8.42 in . )  a f t  of the model nose]. 
g iven i n  both SI and US Customary Units. 
aerodynamic coef f ic ient ,  the second symbol appl ies t o  the  computerized tabula- 
t i o n  o f  c o e f f i c i e n t s  i n  the appendix. 
The moment reference po in t  i s  loca ted  a t  65 percent o f  the fuselage 
Values are 
When t w o  symbols are l i s t e d  f o r  an 
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A aspect r a t i o  
b wing span, 23.79 cm (9.37 in . )  
C mean aerodynamic chord, 12.06 cm (4.75 in. ) 
Cm, CLM pitching-moment coe f f i c i en t  , Pitching moment -- 
s, sc 
normal-force coe f f i c i en t ,  --- Normal force CN, a 
s , s  









, per degree (2) 6=0",5" 
(2) B=O" ,5 , per degree 
l i f t - d r a g  r a t i o  
fuselage reference length, 32.77 cm (12.90 in.) 
Mach number 
free-stream dynamic pressure, Newtons per meter' ( i b / f t 2  1 
free-stream Reynolds number based on R 
S wing reference area, 0.025 m2 (0.269 f t 2 )  
model s ta t ions,  cm ( in . )  xo'  yo 
U angle o f  attack, deg 
B s i d e s l i p  angle, deg 
6 BF body-flap de f l ec t i on  angle ( p o s i t i v e  for  t r a i l i n g  edge 
down), deg. 
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6 e  
6 SB 
e levon  d e f l e c t i o n  angle ( p o s i t i v e  for t r a i l i n g  edge down), 
deg  . 
s p l i t - r u d d e r  flare angle ( p o s i t i v e  f o r  t r a i l i n g  edges  
d e f l e c t e d  outboard  ) , deg . 
Model C o n f i g u r a t i o n  Components: 









b a s e l i n e  140 A/B o r b i t e r  c o n f i g u r a t i o n  
b a s e l i n e  f u s e l a g e  forebody 
small cana rd  w i t h  f l a t - p l a t e  a i r f o i l  s e c t i o n s  
b a s e l i n e  e l evon  I 
b a s e l i n e  body f l a p  
b a s e l i n e  planform f i l l e t  
f i l l e t  mod i f i ca t ion  having planform geometry similar t o  a 
s t r a k e  
b a s e l i n e  v e r t i c a l  t a i l  
b a s e l i n e  wing (outboard p a n e l )  having a leading-edge  sweep 
of 45" 
APPARATUS AND TESTS 
Model 
Geometric d e t a i l s  of  t h e  model used i n  t h e  wind-tunnel  i n v e s t i g a t i o n  are 
shown i n  f i g u r e  1 and t a b l e  1, and photographs  o f  t h e  model are shown i n  
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f i g u r e  2. The b a s e l i n e  c o n f i g u r a t i o n  ( f i g .  l ( a ) )  was an 0.01-scale model of  t h e  
Rockwell  I n t e r n a t i o n a l  140 A I 6  Space S h u t t l e  O r b i t e r  c o n f i g u r a t i o n  d e s c r i b e d  i n  
r e f e r e n c e  3. The model had a removable fo rebody  and removable  components i n  t h e  
wing planform f i l l e t  r e g i o n  which al lowed geometry m o d i f i c a t i o n s .  The modifica- 
t i o n s  shown i n  f i g u r e s  l ( b )  and l (c )  c o n s i s t e d  of  one wing p lanform f i l l e t  con- 
f i g u r a t i o n ,  S2, and one cana rd  c o n f i g u r a t i o n ,  C3. 
p r e s e n t  i n v e s t i g a t i o n  i n c o r p o r a t e d  a s p l i t  - rudder  f la re  a n g l e  of 0". 
A l l  c o n f i g u r a t i o n s  of t h e  
The l e a d i n g  edge of t h e  S 2  f i l l e t  m o d i f i c a t i o n  produced a planform shape  
v e r y  similar t o  a s t r a k e  ( f i g .  l ( b ) ) .  F i l l e t  S2 had a lead ing-edge  sweep an-  
g l e  of 67.4" ex tend ing  ou tboa rd  t o  
t h i s  p o i n t  t h e  f i l l e t  leading-edge  sweep i n c r e a s e d  t o  8 5 " ,  and t h e  e f f e c t i v e  
f i l l e t  i n t e r s e c t i o n  wi th  t h e  outboard  wing p a n e l  was t h e  same as f o r  t h e  base -  
l i n e  f i l l e t  ( S o )  i n t e r s e c t i o n .  The s t r eamwise  s e c t i o n s  of t h i s  modi f ied  
f i l l e t  were f a i r e d  w i t h  t h e  outboard  wing p a n e l  and had leading-edge  r a d i i  
i d e n t i c a l  t o  t h o s e  of t h e  b a s e l i n e  f i l l e t ,  
yo = 3.584 cm a t  xo = 12.929 cm. A t  
S o -  
Canard C3  
edqe  and a s h a r p  t r a i l i n g  edge. 
was 55.0",  and t h e  t r a i l i n g  edge was formed by a c i r c u l a r  a r c  segment having a 
r a d i u s  of 5.245 cm. 
( f i g .  l ( ~ ) )  had a f l a t - p l a t e  s e c t i o n  w i t h  a rounded l e a d i n g  
C 3  The leading-edge  sweep a n g l e  for canard  
WIND TUNNEL AND TESTS 
The i n v e s t i g a t i o n  was conducted i n  t h e  Langley Low Turbulence  P r e s s u r e  
Tunnel  which is a v a r i a b l e - p r e s s u r e ,  s i n g l e - r e t u r n  f a c i l i t y  w i t h  a c l o s e d  test 
s e c t i o n  0.914 meter (3.0 f e e t )  wide and 2.29 meters (7.5 f e e t )  h igh .  The t u n n e l  
is a low subsonic  f a c i l i t y  (Mz0.4) with a u n i t  Reynolds number c a p a b i l i t y  of  up 
t o  abou t  49.2 X IO6 pe r  meter (15.0 X IO6 p e r  f o o t ) .  Reynolds numbers for  t h e  
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present i nves t i ga t i on  were varied from about 4.2 X 10' t o  14.3 X IO', based on 
the fuselage reference length a t  Mach numbers o f  0.22, 0.225, and '0.25. The 
anqle-of-attack range o f  the tests extended from approximately -4" t o  26" a t  
s i d e s l i p  angles o f  0" and 5'. 
An i n t e r n a l l y  mounted six-component strain-gauge balance was used t o  mea- 
sure aerodynamic forces and moments act ing on t h e  model. 
appl ied t o  the angles of attack and s i d e s l i p  t o  account for s t i n g  and balance 
def lect ions produced by aerodynamic loads on the model. 
data for blockage and l i f t  interference e f f e c t s  have also been made i n  accord- 
ance w i t h  the techniques out l ined i n  references 7 and 8. 
Corrections have been 
Correctiors t o  these 
RESULTS AND DISCUSSION 
The aerodynamic data resul t ing from the present study are tabulated by r u n  
number i n  the appendix which also contains a Data Set/Run Number Col la t ion 
Summary ( t a b l e  11) t o  expedite the  l oca t i on  o f  data for a p a r t i c u l a r  conf igura- 
t i o n  and t e s t  condit ion. 
Longi tudinal  Aerodynamic Character is t ics  
The e f fec ts  o f  varying Reynolds number on the l ong i tud ina l  aerodynamic 
cha rac te r i s t i cs  o f  the study configurations are shown i n  f i g u r e  3. 
Reynolds number increases produced only s l i g h t  changes i n  l ong i tud ina l  aerody- 
namics f o r  e i t h e r  o f  the three configurations. 
ef fects i s  an increase i n  L/D at moderate-to-high angles of  attack as the 
Reynolds number (based on fuselage reference length) i s  increased from about 4.3 
X IO6 t o  14.1 X IO6. 
Incremental 
The most observable o f  these 
The e f f e c t s  o f  m d i f y i n g  the basel ine conf igurat ion BlWVSoEF by chang- 
i n g  the wing planform f i l l e t  So t o  S2 or by adding the canard C3 are shown 
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i n  f i g u r e  4 over  t h e  Reynolds number range of t h e  i n v e s t i g a t i o n .  
purposes ,  t h e  l o n g i t u d i n a l  c o n t r o l '  p o s i t i o n s  were h e l d  f i x e d  for t h i s  s tudy .  
For comparison 
Modifying t h e  wing planform f i l l e t  t o  S2, which r e sembles  a s t r a k e  
( f i g .  l ( b ) ) ,  produced d e s t a b i l i z i n g  p i t c h i n g  moments, some i n c r e a s e d  l i f t  a t  
high a n g l e s  of a t t a c k ,  and reduced L/D va lues  i n  t h e  moderate- to-high ang le -o f -  
a t t a c k  range. 
m o d i f i c a t i o n  ( f i g .  4(f 1 )  was t h e  reduct ion  i n  l o n g i t u d i n a l  s t a b i l i t y  l e v e l  from 
C,/CL=-O.OIO, based on 
c o n d i t i o n  (Cm/C~=0.039). Th i s  f i l l e t  m o d i f i c a t i o n  would a l low t h e  forward 
movement of t h e  v e h i c l e  center of g rav i ty  by about  1.8 p e r c e n t  of t h e  body 
r e f e r e n c e  l e n g t h  from t h e  "most forward" c.g. (0.65 R s t a t i o n )  wh i l e  p r o v i d i n g  
a c c e p t a b l e  s u b s o n i c  trimmed l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s .  T h i s  
increment  i n  forward c e n t e r - o f - g r a v i t y  movement for t h e  S2 f i l l e t  
The most n o t a b l e  incremental effect of t h e  S2 f i l l e t  
c of t h e  b a s e l i n e  c o n f i g u r a t i o n ,  t o  an u n s t a b l e  
m o d i f i c a t i o n  at s u b s o n i c  speeds  is compat ib le  wi th  s u p e r s o n i c  effects found for 
t h e  same m o d i f i c a t i o n s  i n  r e f e r e n c e  6. I n  t h e  s u p e r s o n i c  s t u d y ,  t h e  S2 
planform f i l l e t  m o d i f i c a t i o n  al lowed a t  least  a 2.0-percent  forward  s h i f t  i n  t h e  
orbiter's most forward  cen te r -o f -g rav i ty  l o c a t i o n .  
The a d d i t i o n  of t h e  canard  C3 t o  t h e  b a s e l i n e  c o n f i g u r a t i o n  ( f i g .  4 ( f ) )  
r e s u l t e d  i n  a large d e s t a b i l i z i n g  p i t c h i n g  moment over  t h e  test angle-of  - a t t a c k  
r ange ,  d r e d u c t i o n  i n  l i f t  c o e f f i c i e n t  a t  h igh  a n g l e s  o f  a t t a c k ,  and reduced  
1 - i f t - t o - d r a g  ra t io  a t  moderate- to-high a ' s .  The r e d u c t i o n  i n  l o n g i t u d i n a l  
s t a b i l i t y  increment  a t t r i b u t d b l e  t o  the  
4 .2-percent  f u s e l a g e  r e f e r e n c e  l eng th .  
(C,/C,) found for c o n f i g u r a t i o n  B1WVSOC3EF was 3.2 p e r c e n t  of t h e  
f u s e l a g e  r e f e r e n c e  l e n g t h  o r  8.7-percent c. The s u p e r s o n i c  aerodynamic s t u d y  
of r e f e r e n c e  6 i n d i c a t e d  a t  l e a s t  a 1 .8-percent  f u s e l a g e  l e n g t h  d e s t a b i l i z i n g  
increment  a t t r i b u t a b l e  to  t h e  C 3  canard m o d i f i c a t i o n .  
C 3  cana rd  a d d i t i o n  was approximate ly  
The r e s u l t i n g  u n s t a b l e  s ta t ic  margin 
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E i t h e r  of t h e s e  mod i f i ca t ions  would provide  less s t r i n g e n t  payload  
c e n t e s - o f - g r a v i t y  and weight  r equ i r emen t s  as a r e s u l t  of t h e i r  d e s t a b i l i z i n g  
e f f e c t  on t h e  c o n f i g u r a t i o n ' s  p i t c h i n g  moments. Th i s  d e s t a b i l i z i n g  effect pro-  
v i d e s  l o n g i t u d i n a l  trim a t  h ighe r  l i f t  c o e f f i c i e n t s ,  s i n c e  t h e  e l evon  deflec- 
t i o n s  r e q u i r e d  for trimming t h e  modif ied c o n f i g u r a t i o n s  are more p o s i t i v e  t h a n  
f o r  t h e  b a s e l i n e .  The h i g h e r  trimmed lift c a p a b i l i t y  a t  l a n d i n g  a t t i t u d e s  can  
r e s u l t  i n  e i t h e r  lower l and ing  speeds,  h ighe r  payload c a p a b i l i t y ,  or more for- 
ward payload l o a d i n g s  which would t r a n s f e r  t h e  c o n f i g u r a t i o n a l  c e n t e r  of g r a v i t y  
forward  and i n c r e a s e  l o n g i t u d i n a l  s t a b i l i t y .  I n  e i t h e r  of t h e  l a t t e r  c a s e s ,  
trimmed CL, Cm/CL, and W/S would be ba lanced  t o  hold l a n d i n g  speeds  and /o r  
b r d k e  energy  l e v e l s  a t  t h e  b a s e l i n e  v a l u e s  f o r  t h e  o p e r a t i o n a l  o r b i t e r .  
LATERAL-DIRECTIONAL CHARACTERISTICS 
T h e  effects of  c o n f i g u r a t i o n  m o d i f i c a t i o n s  S2 and C 3  on t h e  s u b s o n i c  
l a t e r a l - d i r e c t i o n a l  aerodynamic c h a r a c t e r i s t i c s  are shown i n  f i g u r e  5. Lateral- 
d i r e c t i o n a l  effects, because  of i n c r e a s i n g  Reynolds number for  t h e  two modif ied  
c o n f i g u r a t i o n s  and t h e  b a s e l i n e  c o n f i g u r a t i o n ,  are p r e s e n t e d  i n  f i g u r e  6. 
The effect of planform f i l l e t  mod i f i ca t ion  
The d i r e c t i o n a l  s t a b i l i t y  l e v e l ,  C,, 
S2 a t  R ~ m 1 4 . 1  X 10' is  
shown i n  f i g u r e  5 ( f ) .  
t i o n  BlWVSZEF 
u r a t i o n  BlWVSOEF a t  a n g l e s  of a t t a c k  g r e a t e r  t h a n  16". Also  noted on t h e  
of c o n f i g u r a -  
B '  
is s l i g h t l y  more s t a b l e  ( p o s i t i v e )  t h a n  t h e  b a s e l i n e  c o n f i g -  
f i g u r e  is a s l i g h t l y  h ighe r  p o s i t i v e  e f f e c t i v e  d i h e d r a l  l e v e l  (-C 
t h e  test a n g l e - o f - a t t a c k  r ange  for  t h e  S2 modif ied f i l le t  c o n f i g u r a t i o n .  
The d i r e c t i o n a l  s t a b i l i t y  comparison i n d i c a t e s  t h a t  s u b s o n i c  8 l e v e l s  
would be a t  least a s  s t a b l e  for an o r b i t e r  c o n f i g u r a t i o n  i n c o r p o r a t i n g  t h e  
wing planform f i l l e t  as t h e  b a s e l i n e  orbiter.  
) o v e r  R B  
S2 
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The l a t e r a l - d i r e c t i o n a l  d a t a  f o r  t h e  C3 cana rd  m o d i f i c a t i o n  are also 
shown i n  f i g u r e  5 ( f )  a t  t h e  h i g h e s t  t es t  Reynolds number. The d i r e c t i o n a l  
s t a b i l i t y  d a t a  show a loss i n  
effect is a t t r i b u t e d  t o  impingement of  t h e  t r a i l i n g  v o r t i c e s  from t h e  canard  on 
t h e  o r b i t e r ' s  v e r t i c a l  t a i l .  S t a b l e  d i r e c t i o n a l  s t a b i l i t y  l e v e l s  are a g a i n  
achieved  a t  h i g h e r  a n g l e s  of a t t a c k .  
e q u a l  t o  or g r e a t e r  for  t h e  
b a s e l i n e  c o n f i g u r a t i o n  o v e r  t h e  ang le -o f -a t t ack  range  i n v e s t i g a t e d .  
at  a n g l e s  of a t t a c k  n e a r  16". T h i s  c, B 
P o s i t i v e  e f f e c t i v e  d i h e d r a l  l e v e l s  were 
C3 canard modi f ied  c o n f i g u r a t i o n  t h a n  for t h e  
SUMMARY OF RESULTS 
Subsonic  h igh  Reynolds number tests were conducted i n  t h e  Langley Low 
Turbulence  P r e s s u r e  Tunnel t o  determine t h e  effects of a wing planform f i l l e t  
and a canard m o d i f i c a t i o n  on t h e  l o n q i t u d i n a l  and l a t e r a l - d i r e c t i o n a l  c h a r a c t e r -  
istics of a 140 A/B Space S h u t t l e  O r b i t e r  c o n f i g u r a t i o n .  
summarized as follows: 
The r e s u l t s  are 
1. The most s i g n i f i c a n t  effect of bo th  t h e  S2 wing f i l l e t  mod i f i ca t ion  
and t h e  C3 cana rd  m o d i f i c a t i o n  was to  d e s t a b i l i z e  p i t c h i n g  moments. Also 
no ted  f o r  t h e  S 2  f i l l e t  m o d i f i c a t i o n  were s l i g h t  i n c r e a s e s  i n  d i r e c t i o n a l  
s t a b i l i t y  and p o s i t i v e  e f f e c t i v e  d i h e d r a l .  
2. The d e s t a b i l i z i n g  p i t c h i n g  moments produced by t h e  planform f i l l e t  mod- 
i f i c a t i o n  and t h e  canard  m o d i f i c a t i o n  would p r o v i d e  h i g h e r  t r imned  lift 
c a p a b i l i t y  and allow r e l a x e d  forward payload l o a d i n g  d i s t r i b u t i o n s  a n d / o r  
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TABLE I. - MODEL GEOMETRY 
T h e o r e t i c a l  wing: 
Area, planform, rn2 (f t2) . . . . . . . . . . . . . . . .  0.02499 (0.2690) 
Area, e l e v o n ,  rn ( f t 2 )  . . . . . . . . . . . . . . . .  0.001951 (.0210) 2 
Span, cm ( i n . )  . . . . . . . . . . . . . . . . . . . . .  23.792 (9.367) 
Chord, ceriterlirie r o o t ,  cm ( i n . )  . . . . . . . . . . . .  17.507 (6.892) 
Chord, t i p ,  m (in.) . . . . . . . . . . . . . . . . . .  3.501 (1.378) 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . .  0.20 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . .  2.265 
Leading-eilgc? wimp dngle ,  deg . . . . . . . . . . . . .  45.0 
T:-.ii.I.iag-edge sweep a n g l e ,  deg . . . . . . . . . . . . .  -10.0 
Dihedra l  ang le ,  deg . . . . . . . . . . . . . . . . . .  3.5 
Tncirleticc-: m g i e ,  deg ( y o  = 5.056 cm) . . . . . . . . . .  0.5 
T w i s t  a n g l e ,  deg . . . . . . . . . . . . . . . . . . . .  3.0 
A i r f o i l  s e c t i o n ,  ti:, . . . . . . . . . . . . . . . . . .  0012-74 modi f i ed  
21.234 (8.360) xo, wing l ead ing  edge,  p l a n e  of symmetry . . . . . . .  
Wing planform f i l l e t  SQ, b a s e l i n e :  
Leading-edge sweep ang le ,  deg . . . . . . . . . . . . . . . . . .  80.9 
xo, wing leading-edge ( t h e o r e t i c a l )  
i n t e r s e c t i o n  cm ( i n . )  . . . . . . . . . . . . . . .  25.984 (10.230) 
Wing planform f i l l e t  S2: 
Leading-edge sweep a n g l e  (forward p o r t i o n ) ,  deg . . . . . . . . . .  67.4 
Leading-edge sweep a n g l e  ( a f t  p o r t i o n ) ,  deg . . . . . . . . . . . .  85.0 
xo, i n t e r s e c t i o n  of  forward  and a f t  f i l l e t  l e a d i n g  edges ,  
cm ( i n . )  . . . . . . . . . . . . . . . . . . . . . .  12.929 (5.090) 
xo,  i n t e r s e c t i o n  of a f t  f i l l e t  and t h e o r e t i c a l  wing, 
cm ( i n . )  . . . . . . . . . . . . . . . . . . . . . .  25.984 (10,230) 
12 
TABLE I. - CONCLUDED 
Canard C3: 
Exposed area, rn’ (ft’) . . . . . . . . . . . . . . . .  0.001241 (0.013363) 
Leading-edge sweep angle,  deg . . . . . . . . . . . . .  54.7 
Yertjcal t a i l :  
Area ( theore t i ca l ) ,  m2 ( f t 2  ) . . . . . . . . . . . . .  0.003839 (0.041325) 
Leading-edge sweep angle,  deg . . . . . . . . . . . . .  45.0  
Root chord ( theore t i ca l ) ,  cm ( i n . )  . . . . . . . . . .  6.820 (2.685)  
Tip  chord ( theore t i ca l ) ,  cm ( i n . )  . . . . . . . . . . .  2.755 (1.085)  
Span, cm ( i n . )  ; . . . . . . . . . . . . . . . . . . .  8.019 (3.157)  
Fusel-age : 
2 2 Maximum cross-sect ional  area, m ( f t  ) . . . . . . . .  0.003595 ( .0387)  
Length, cm ( i n . )  . . . . . . . . . . . . . . . . . . .  32.774 (12.903) 




I I  
xo 
I 






































































































.I . + 
a2 I t 
I .- c
0 x 





































* x LL 



























- I C  
t2  0 .2 .4 .6 .8 1.0 ' 1.2 I .4 
(a) Baseline configuratior, BIWVSo E. 
Figure 3. - Effect of Reynolds number on the longitudinal aerodynamic characteristics 








- I  
-2 
- 3  
0 .2 
(a) Concluded. 
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(b) Configuration BIWVSzEF. 
Figure 3.. - Continued. 
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(c) configuration BlWVC3S!,EF. 
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(c) Concluded. 
Figure 3. - Concluded. 
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(a) RN =: 4.3 X 106 
Figure 4. - Effects of the S2 fillet and the C3 canard modifications on the longitudinal 
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(a) Concluded. 
Figure 4. - Continued. 
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(b) Concluded. 
Figure 4. - Continued. 
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(c) RN 8.4 X lo6 
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(c) Concluded. 
Figure 4. - Continued. 
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(dl RN 5 10.3 X lo6 
Figure 4. - Continued 
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(d) Concluded. 
Figure 4. - Continued. 
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(e) RN =: 12.6 X 106 
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Figure 4. - Continued. 
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(a) R,, 4.3 x io6 
Figure 5. - Effects of the S2 fillet and the C3 conard modifications on the  
lateral-directional aerodlnamic characteristics for configuration BIWVSoEF. be=5'; 
6 6 ~  -11.7O; 6SB = 0 . 
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(c) RN =: 8.4 X lo6 
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(a) Baseline configuration BIWVSloEF. 
Figure 6. - Effed of R.eynolds number on the lateral-directional aerodynamic 
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(c) Configuration B1WVC3SoEF. 
Figure 6. - Concluded. 
APPENDIX 
Tabulated Data 
The data presented here in  are i d e n t i f i e d  i n  tab le  I1 (Data Set/Run Number 
Co l l a t i on  Summary) by conf igura t ion  and run number. These data are a lso s tored 
on tape i n  the  Space Shut t le  Data Management System (DATAMAN) and are i d e n t i f i e d  
by s h u t t l e  t e s t  number LA-36B and data set  i d e n t i f i e r  l e t t e r s  PH. Access t o  the  
data may be obtained by w r i t i n g  t o  the fo l low ing  address: 
Chrysler Corporation, Space D iv i s ion  
Dept. 2910, P.O. Box 29200 
New Orleans, LA 70189 
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